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Ovine Follicle Stimulating Hormone 



The present invention relates to a synthetic follicle stimulating hormone (FSH). a ococess for the 
production of a-synthettc FSH and a processor the construction of piasmid expression vectors for the 
expression and purification of high levels of ovine FSH in eukaryotic organisms. 

FSH or follitropin, is a heterodimeric glycoprotein hormone secreted by the pituitary gland: and 

5 comprises a minor fraction of ovine polypeptide anterior pituitary proteins. FSH is made up of two parts, me 
so called alpha-subunit and the beta-subumt. The alpha-subunit is significantly more abundant than tne 
beta-subunit since it is a common subumt in luteinizing hormone (LH) chorionic gonadotropin (CG) and 
thyroid stimulating hormone (TSH). The aloha-subunit of these hormones is common within a species. The 
beta-subunit differs between these hormones and confers receptor specificity of each hormone, and 

w biological activity. 

FSH has a rote in sexual function in both male and female animals. In males, it seems the most 
important function of FSH is in the maturation and nutrition of sperm, wmist m females FSH has a role m 
development of the ovum and ovulation. Exogenous FSH can be used for superovuiation in embryo transfer 
programs, or inducing increased ovulation to give greater fecundity. However variation in the response of 
15 treated animals can be a major problem and may be attributed to batch variation and contaminants present 
in FSH preparations. The pituitary glycoprotein hormone LH is the major bioactive contaminant. 
The major methods of ovine FSH extraction known in the prior art include 

(i) the production of crude extracts of o-FSH from lamb pituitary glands by the use of ethanoi and 
acid precipitation (Sherwood, et al (1970) J. Biol Chem. 245: 2329-2336. and 
20 (ii) ammonium sulphate precipitation (Reichert. I.E. in Methods in Enzymotogy Vol. XXXVIl ed. 

O'Malley B.W. and Hardman J.G. Academic Press Inc. N.Y. 1975). : 

Depending on the method used, unwanted proteins are precipitated out by the stepwise addition of cold 
ethanoi or ammonium sulphate. A final addition of ethanoi or ammonium sulphate precipitates the active 
component as well as some contaminants. These methods produce crude FSH extracts containing 0.5 • i.O 
25 units of o-FSH per mg of total protein. 

Further purification steps using the crude pituitary extracts include gel filtration and .on-exchange 
chromatography (Sherwood, et al. 1970. Sairam 1979. Grimecti 1974). The purified products obta.ned range 
in potency from 110 to 188 units of o-FSH per mg of total protein. However, these procedures incur large 
expense, are time consuming and produce only small amounts from each pituitary gland. As a result large 
30 quantities of FSH are rarely available for veterinary use. especially FSH of a consistently high potency. 

In the sheep, goat and cattle industries, administration of FSH may be utilized in a method of inducing 
or increasing ovulation in female animals. This is illustrated for example m copending Australian Patent 
Application No. 72219/87. the entire disclosure of which is incorporated herein by reference. However, 
whilst an economically viable role for FSH administration may be relevant with respect to the sheep, goat 
35 and cattle industries the supply of natural FSH falls well short of demand. Moreover. FSH exhibits some 
degree of species specificity. Sources of naturally occurring FSH other than ov.ne FSH have proved mfenor 
in sheep, goat and cattle. However, developments in recombinant 0NA technology and subsequent 
applications thereof allow for the manipulation of ovine FSH encoding DNA sequences allowing for me 
production of high levels of FSH in an eukaryotic organism such as a transgenic rabbit, or "in vitro m 

40 eukaryotic cell systems. 

Accordingly it is an object of the present invention to overcome, or at least alleviate, one or more of the 

difficulties related to the prior art. In particular, the process as described hereafter may produce relatively 

large quantities of recombinant polypeptides having good ovine FSH activity. The synthetic ov.ne FSH may 

be used in vivo as an effective substitute for the natural hormone. 
45 AccoTdi^y, in a first aspect of the present invention there is provided a process for the preparat.on of 

molecular clones which process includes; 

providing complementary DNA (cDNA) sequences coding for the alpha anddr beta subumts of ov.ne FSH 
or fragments thereof: and 
a suitable cloning vector; 

so ligating the DNA sequence and cloning vector to insert the DNA sequence into the vector l0 form a 

molecular clone. „ 

The vector so formed may include a complete or partial copy of the ovine FSH coding region. 

encompassing the mature hormone, and extending past the 3' terminating codon. The vector may include a 

copy of the alpha chain subumt and or the beta chain subunit of the ovine FSH. 

The DNA sequences coding for a poiypept.de having ovme FSH activity may be denvea from 
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polyadenylated messenger RNA isolated from ovtne lamb pituitary glancs or from an cv.ne genomic ONA. 
The following description is illustrative only but is not intended to limit the scope in any way. 

Accordingly, in a further aspect of the invention, there is provided a process for the preparation of ONA 
sequences coding for polypeptide having ovine follicle stimulating hormone activity, which methoa includes; 
providing a source of ovine iamb pituitary gland; 
isolating oolyacenylated messenger RNA therefrom: and 

treating the polyadenylated messenger RNA to construct complementary DNA (cONA) douole stranced 
sequences. . 

The polyadenylated RNA isolation step from ovine pituitary gland may be acmeved in any suitaole 
manner, for example, by utilising a guanidine thiocyanate treatment and affinity chromatography. 

The messenger RNA (mRNA) treatment step to form cONA according to this aspect of the present 
invention may include 

treating the mRNA with reverse transcriptase in the presence of oligo dT primer to synthesize first strand 
cONA; 

enzymatically removing the mRNA with RNase H. and subsequent synthesis of the second cONA strand 
with DNA polymerase 1; n u _ tv . , 

treatment of aforementioned double stranded cONA with T4 ONA polymerase to create flush (blunt) enced 

molecules. n 

In a further aspect of the invention, there is provided a process for the preparation of ov.ne DNA 
sequences coding for a polypeptide having ovine follicle stimulating hormone activity, which method 
includes the preliminary steps of 

providing a source of ovine genomic DNA isolated from the sheep genome, and 

enzymatically cleaving the genomic DNA with a suitable enzyme. m 

The suitable vector according to the present invention may be selected from a variety or prokaryotic 
cloning vectors. The bacteriophage virus vector lambda gtlO and the like have been found to be su.table for 
cONA cloning. Similarly the bacteriophage vector EMBL 3 has been found suitable for clon.ng genom.c 

fragments. . . ^ , 

The ligation step may take any suitable form. The cDNA cloning reaction step may be by means of 
ligation by the addition of synthetic DNA linkers. In this - -.se linkers corresponding to the Eco Rl restriction 
enzyme recognition sequence may be attached, utilizing T4 DNA ligase. to either end of the blunt ended 
cDNA or genomic DNA molecules. ^ fciA ' 

Digestion of the aforementioned cDNA with the enzyme Eco Rl will thus yield cDNA molecules with 5 
Eco Rl cohesive overhanging termini. Internal EcoRl sites are protected from digestion by methylauon pnor 

t0 H ?^ may then be cloned into the compatible Eco Rl DNA site in. for example, the 

bacteriophage virus vector lambda gtlO by ligation; such DNA may then be packaged into v.rus particles s in 
vitro" and subsequently used to infect appropriate bacterial microorganisms to create a recombinant DNA 
library from which recombinant clones containing cDNA sequences or genomic DNA sequences encod.ng 

ovine FSH may be selected. . ^^^^^ 

Accordingly, in a preferred aspect of the present invention the molecular clone may be a bactenophage 

clone selected from the clones designated 3.2 and 6.14 as hereinafter described (see Figure 1 A and 18)^ 
Samples of the bacteriophage clones are maintained in the collect.cn ma.nta.ned by Bunge (Australia) 

Pty. Ltd. North Melbourne. Victoria. Australia. . . , ,„h i„,-i,,rt« 7n 

The alpha subunit Cone, designated a3.2 or aFl. is 717 base pairs .n length and '"dudes TO 
nucleotides of 5 untranslated sequence. 72 nucleotides coding for toH^roj^W* WjJJJJ 
nucleotides coding for the 96 amino acid mature a polypeptide and 286 nucleotides of 3 untranslated 

SeqU Th n e C beta FSH subunit cDNA clone, designated *.» or *FL, is 1589 base pairs in length ^ <ncM 
the entire coding region for a 129 amino acid prehormone. The signal peptide is "™™*f^ *Xa 
DNA sequence analysis of a second beta subunit cONA clone has revealed an add.tional 3 noncod.ng 
region eSon of approximately 300 base pairs not seen in Cone 6,4. When ^ Pre icted am.no acid 
sequence is compared with that previous.y established by amino ac.d sequenang S«jm. MJUSjrfw. 
N.G and Chretien, M. (1981)), two conservative substitutions and a s.ng.e C-term.nal ""^^SJ 
were noted The predicted amino acid sequence was confirmed by ONA sequencing of two 'ndependent 
Sna clones, comparison of the ovine nucleotide coding region sequence with the corresponding bov ne 
equence (Maurer. R.A. and Beck. A. (1986), gives an overall homology of 95%. Comparison ° the entire 
ovine beta-FSH cDNA clone 6.14. which includes a 149 bp 3 non-coding region .nclus.on not seen .n the 
bovine cDNA clone, gives an overall homology of 85%. 



3 



EP 0 404 458 A2 



It has been shown that the presence of five ATTTA repeats distributee througnout the 3 norvcccrr.c, 
region cf the full length £ clone may be associateG with cestatliization of mRNA transcripts (Shaw ei ai.. 
1986). 

Accordingly in a preferred aspect of the present invention, there is provided a cONA secuence iSL 
5 cONA which is a 573 bp EcoRi/Sacl DNA fragment truncatea at the 3* non-coding region, which no longer 
contains the five ATTTA repeats and nas the DNA secuence illustrated in Figure lA truncated at tne Saci 
site. 

There is provided in a further preferred aspect of the present invention a cDNA sequence designated 
aSL cDNA comprising a truncated acDNA clone which has the S poiy T clon.ng artifact, and some 3 non- 
io coding region sequence removed from the aFSH full length cDNA. This is a 607 bp Sau3Ai Sau3Ai DNA 
fragment which has the DNA sequence illustrated in Figure 18 truncated at the two Sau3Ai site. 

It should be understood that while such bacteriophage vectors provide a useful vehicle for me stable 
maintainence of DNA sequences encoding polypeptide subumts having ovine FSH activity, such DNA 
sequences may be co-expressed in a eukaryotic expression system (e.g. mammalian cell lines and relevant 
is plasrnid vectors) to result in the biosynthesis of an ovine alpha beta FSH heterodimer. Alternatively, 
subunits may be expressed individually using appropriate vectors, and assembled "in vitro" to yield a form 
of the hormone with biological activity. 

Thus, one aspect of the present invention is a process for the preparation of a recombinant polypeptide 
having ovine FSH activity which process includes the steps of 
20 providing 

a a first recombinant plasmid including a plasmid expression vector including a complementary una 
(cONA) sequence, genomic DNA sequence or fragments thereof coding for the alpha sub-unit of ovine FSH 
and capable of being transcribed and translated, and/or replicated in a unicellular organism, 
a second recombinant plasmid including a plasmid expression vector including complementary D^A 
25 (cDNA) sequence, genomic DNA sequence or fragments thereof, coding for the beta sub-unit ovine FSH 
and capable of being transcribed and translated, and or replicated in a unicellular organism, 
a unicellular organism; 

introducing said first and second recombinant plasmids into said unicellular organism by a method selected 
from transformation or transfection: 
30 culturing the resulting organism; 

expressing the recombinant polypeptide encoded by said DNA sequences: and optionally 
isolating said polypeptide from the culture. . 

In a further aspect of the present invention there is provided a plasmid expression vector including a 
cDNA sequence, genomic DNA sequence or fragments thereof ceding for the alpha-subun.t ovine FSH and 
35 capable of being replicated, transcribed and translated in a unicellular organism. 

In a still further preferred aspect of the present invention there is provided a plasrn.d expression vector 
including a cDNA sequence, genomic DNA sequence or fragments thereof coding for the beta-subun.t ovine 
FSH and capable of being transcribed and translated. and,or replicated in a unicellular organism. 
Preferably the plasmid expression vector includes 
40 a first cDNA sequence, genomic DNA sequence or fragments thereof coding for the alpha-subun.t of ov.ne 

^second cDNA sequence, genomic DNA sequence or fragments thereof coding for the beta-subun.t of 
ovine FSH; and 

capable of being replicated, transcribed and translated in a prokaryotic or eukaryotic organism. 

Thus a plasmid expression vector is provided for expression of the relevant cDNA or genom.c DNA 
sequences coding for a polypeot.de having ovine FSH activity, such DNA sequences may also be co- 
expressed in a eukaryotic expression system such as a transgenic animal to result in the biosynthesis of an 
ovine alpha-beta FSH heterodimer. The vector may contain a promoter sequence, preferably a metai- 
lothionein promoter, more preferably a human metallothionein promoter and most preferably an 341 base 
so pair human metallothionein promoter ll A (h MTIU). 

The promoter sequence which, may be the hMTIU promoter Hindlll BamH1 841 bp fragment may be 
directions cloned into Hindllt-BamHl digested pSP72 (Promega Corporation). Accordingly there .s 
provided a plasmid expression system designated Fl which is an pSP72 vector conta.mng the human 

metallothionein promoter. . ei#ct . m F . 

55 An enhancer element may be included upstream from the hMTII A in the plasmid express.on system ^ 
The enhancer element may be an SV40 enhancer element, preferably the 840 bp Hind WVEco RV enha ncer 
region, and may be directionalty cloned into Fl by primarily digesting w.th Hindlll. Pvu II. dephosphoryianng 
and ligating by known methods. Accordingly there is provided a vector designated Fit wh.cn is pbK^ 
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containing the hMTll A promoter and an upstream SV40 enhancer region. 

The SV40 enhancer fragment contains the SV40 origin of replication thereby making the vector suitable 
for transient COS cell expression studies (Gluzman. 1981) as well as constitutive expression in other cell 
lines such as Chinese hamster ovary C9ils (CHO) (Friedman, et al. 1989). 

An SV40 derived BamHl fragment containing the small t intron and polyadenylation signal may also be 
ligated into a unique Bglll site of the Fll vector. Accordingly, there is provided in the present invention a 
plasmid expression vector designated Fill which results from the ligation of a SV40 derived BamHl fragment 
containing the small t intron and polyadenylation signal, SV40 enhancer fragment and a nMTII promoter 
sequence into pSP72. 

Thus, it is provided in the present invention the following clones FlIlaFL. FIII5FL. FlllaSu Finest 
containing aFL. dFL, aSL and SSL ligated into Fill respectively. 

DNA sequence analysis of the SFSH cDNA has shown that the translation initiation ccdon flanking 
regions contain suboptimal sequence arrangements for translation initiation (Kozak. 1986). In vitro 
mutagenesis experiments have established the optimized translation initiation DNA sequences as AC- 
CATGG and GCCATGG (Kozak. 1986). Replacement of the existing AGGATGA initiation codon region may 
increase the translatability of the jS chain mRNA. Insertion of such translation initiation sequences into 
truncated ;3FSH may be attained by using oligonucleotide mediated in vitro mutagenesis or any other 
suitable technique to achieve the desired result. 

Thus, in a further preferred aspect of the present invention there is provided two clones HII0SL(M2) 
and FIII/9SMM12) designed to increase translatability of the & chain mRNA. FIII*SL(M2) contains the 
sequence ACCATGG while FllljSSL(Ml2) contains GCCATGG incorporated into the truncated 0FSH subun.t 
cDNA clone FllltfSL. 

Thus hybrid DNA sequences may be constructed. The hybrid DNA sequences may enable other DNA 
sequences to be linked to a DNA sequence which codes for a desired protein. The hybrid DNA sequences 
so constructed may enhance translatability of mRNA wherein the DNA sequence contains initiation 
sequences obtained from a non-related gene. By adding such a cDNA sequence containing a translation 
initiation sequence, a 5 non-coding region and a signal peptide coding region upstream to a gene encoding 
a desired protein, translatability may be enhanced. 

Transcription initiation sequences may also be incorporated in such sequences if the DNA is obtained 

30 from a genomic DNA library. 

Thus, in a further aspect of the present invention there is provided a plasmid including 
a plasmid expression vector; 

a first DNA sequence encoding a desired protein; and . 

a second non-related DNA sequence including a translation initiation and optionally transcription initiation 

35 region; 

a 5' non-coding region; and nNJ . 
a signal peptide coding region; the second DNA sequence being positioned upstream of said first DNA 

InTfurther preferred aspect the second DNA sequence may be derived from a DNA sequence 
40 encoding a growth hormone and more preferably an ovine growth hormone. 

The first DNAs equence may encode an ovine follicle stimulating hormone; preferably an ov.ne follicle 

simulating *]^ne. ^ translatabjiity 0 f the 0chain mRNA the entire 5' non-coding and signal 

peptide coding region of £FSH cDNA may be replaced with the equivalent region of the ov.ne growth 

45 h0r Tn n ovine N growth hormone /SFSH cDNA hybrid may be engineered into plasmid Fill Ascribed above. 
The resultant clone contains a 120 bp fragment of the ovine growth hormone cDNA con ^ 
non-coding and signal peptide regions ligated to a truncated &FSH which .s a truncated *SL fragment 

so reSinCt (!) d thl Pvull site upstream from the Sacl site thereby removing 120 bp from the 3 end, and 
(ii) the 5' Pstl site thereby removing 1 10 bp from the 5 end. 
Accordingly, there is provided in a preferred aspect of the present invention the clone J II IflSL T 4> 
It should also be understood that. expression of biologically active recombinant o-FSH is not restr.c a 
to the genetic manipulation of relevant cDNA clones although this is the preferred form of this aspect of the 
nvention described. The expression of FSH from cloned, genomic DNA fragments -so.ated from ^the sheep 
genome represents an alternate approach that is not excluded by the following technology described *eje . 
ft should be understood that exoression of the relevant cDNA or fragments of genomic clones may 
undertaken both in the preferred eukaryotic and alternate prokaryotic expression systems. 
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Accordingly, in accordance with a further aspect or the present invention tnere is prcviaec a method of 
inducing or increasing ovulation in female animals which methoa includes administering ;o the animal an 
effective amount of a ovine synthetic FSH. or derivative thereof, as hereinbefore described. 

The animals to be treated may be selected from sheep, goats, cattle, ceer. cogs. cats, pigs and the 

5 like. — 

The method of treating the female animal may be of any suitable type. The treatment may be orai. by 
injection, by implant or the like. Accordingly, the FSH may be provided in a unit dosage form. An oral form, 
an injectable form or an implant form may be used. The FSH may be in a lyophiiised form. 

It has been surprisingly found that ovine FSH provides an improved yield of ova relative to other 
/o treatments including treatment with p-FSH. Moreover, it has been found that embryos produced from ova 
induced by ovine FSH are of improved quality relative to prior art treatments and damage to the ovaries of 
the treated animals is surprisingly reduced. The embryos so produced are characterised by an increased 
viability. 

The amount of o-FSH hormone to be used will vary with the purity and origin of the ovine FSH (natural 
is or synthetic), the species of animal to be treated and the reproductive function to be achieved. Synthetic 
ovine FSH has a higher purity relative to o-FSH isolated from natural sources ana thus may be administered 
at substantially reduced weight dose rates. Accordingly, in a preferred form the present invention prov.des a 
method of increasing the number of ova produced during ovulation in female animals, wh.ch method 
includes administering to the animal an effective amount of a synthetic ovine FSH for a period sufficient to 
20 induce increased ova production. 

The individual dose rates may vary from approximately 8 units to approximately 60 units. The biological 
measurement of a "unit" is described by Stedman & Pohley (Endocr. 53. 604-616. 1953) and Maghu.r- 
Rogister et al (Eur. J. Biochemistry. 86, 121-131, 1978) and represents a standard measure of biological 
activity. The treatment may comprise a single dose. The treatment may continue for approximately t to^lO 
25 days. The selection of dose rates is dependent on the size, age and species of animal to be treated. It rtas 
been found suitable to reduce the dosage rate over the treatment period. An increased dosage regimen 
may be utilized for cattle. 

Accordingly in a preferred form there is provided a method of increasing the number of ova produced 
during ovulation in female animals which method includes administering to the animal a synthetic ovine 
30 FSH, as hereinbefore described, wherein when the animal is a bovine animal the hormone .s adm.nistered 
regularly at least 3 times a day in substantially equal doses to a total amount of from approximately 20 to 
60 u. dependant uoon the size of the animal; and 

when the animal is an ovine or caprine animal the hormone is administered in an amount of from 
approximately 20 to 40 U in a single dose. 
35 in a preferred form of this aspect of the present invention there is provided a method of increasing 
ovulation to provide twinning in female cattle. 

The treatment may comprise a single dose or the treatment may continue over a period of appro*.- 
mately 2 to 4- days. The dose rate may be given in reducing amounts. 

In a preferred form the dosage regimen includes administration of synthetic ovine FSH m 1 to 5 doses 
over a period of one day. It has been surprisingly found that twinning may be induced m cattle on a 
relatively consistent basis utilising natural FSH in cattle. It will be understood that twinning is .deal in cattle 
production. The production of a single calf is an inefficient use of resources, whereas the production of 3 or 
more ova and thus embryos may often result in deformities and/or spontaneous abort.on ,n cattle. 
Preferably the cattle treated are sexually mature. Preferably wherein the animal is bovine and ov.ne FSH .s 
administered in three substantially equal amounts totalling approximately 0.06 to 0.24 U/kg live weight m a 
single day. more preferably the total dose rate is approximately 0.09 to 0.15 U/kg live weight m a s.ngle 

Alternatively wherein the animal is a sheep or goat synthetic ovine FSH is- adm.nistered in an amount of 
aoproximately 20 to 30 U in a single dose. 

In an alternative form of this aspect of the present invention there is provided a method of inducing 
ovulation in pre-pubsecent female animals which method includes administering to an animal an effective 
amount of a synthetic o-FSH. or derivative thereof, for a period sufficient to induce ovulation. 

The pre-pubescent animals may be treated with a single dose. The pre-pubescent animals may oe 
treated at reducing dosage rates over a period of approximately 1 to 5 days. 

In a preferred form, the method of inducing or increasing ovulation to produce tw.nn.ng or otherw.se 
may include the preliminary step of treating the animal with an effective amount of a synchron.s.ng ageni 
The synchronising agent may be selected from any of the agents known per se. The agent may oe a 
progestagen, prostaglandin, prostaglandin analogue or the like. Synchronise agents sold under the trade 
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interval of time orior to the initiation or treatment with the o-rSH. The treatment y 
may be undertaken approximately 3 to 1 5 days prior to FSH treatment. 

It has been found that the synchronising treatment .n comomadon with the ovine F Sri £atme 
effective in inducing ovu.ation in pre-pubescent female cattle of appropriately iO m«*s « ^ 
(0 Preferably approximately 25 mg to approximately ,00 mg of the «9J« * "™ ^ 0 

a pre-pubescent animal approximately 8 to 15 days prior to ,n,t,at.cn or ovine FSri treatment. Tne treaunent 
with synchronising agent may be repeated at a suitable interval if necessary. 

m p mora oreferred form, the method of inducing or increasing ovulation a procuce t.vmn.ng or 

-wSgssssssssmsm 

^ PrSrably the .uteinizing agent is a prostaglandin or prostata j* ^SH 
amount of approximal 250 mg to 1000 mg approximately i to 3 days after the 

20 "'further preferred form the method of inducing or increasing ovulation may include the further step 
of a m^in to the anima. an effective amount « t0 th9 o-FSH 

suitable (the entire disclosure of which .s incorporated herein by refer ^|)_More P y 
antibody derived therefrom disclosed therein may also be used. PMSQ .s also 
^Jo^pff o!^^ thereof may be administered in amounts of from approximate* 100 I.U. 

to 1000 I.U. and preferably 500 I.U. . f the ovjne FSH 

The gonadotrophin treatment may be administered at any time dur n g « £ jne _ SH 

treatment Preferably the gonadotrophin treatment may be undertaken on the day 

^"'further aspect of the present invention there is provided a veterinary composition including an 

In a further aspect ot me P d9rivative the reof. as hereinbefore described; and 

effective amount of a synthetic o-FSH, or derivative tnereo ■ eX cioient therefor, 

a veterinary composition may further include a vetermari.y accep able earner or exc.p e t 

further includes an effective amount of a gonaaotrophm or gonadotropin ana 9 ■ 

svnthetic ovine 

In a preferred form the present invention provides a kit ot parts including supp y 
FSH in a lyophilised form in a suitable container. container. The ovine 

The kit of parts may further include a supply of a W^T"* *<£ , ^^10 an injectable form. 
so FSH, gonadotrophin, and the synchronising agen where P^™^^^ blowing examples. It 

The present invention will now be more fu.ly described w.th ererence c the o g ^ ^ 
should be understood, however, that the descnption tollowmg ,s illustrative only 
any way as a restriction on the generality of the invention descnoed above. 
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In the figures: 

FIGURE 1A is a nucleotide sequence and predicted amino acid sequence of the ovine FSH beta- 



EP 0 404 458 A2 



subunit precursor hormone cONA clone 6.14. The position of the C-termmai ammo actc exclusion is 
between the second last and third last amino acids. The termination cocon is maicated by the astens*. The 
149 bp inclusion is underlined. The amino acids differing from the published peptide sequence (Sairam. 
M.R., Seidah, N.G. and Chretien. M. (1981)) are indicated by +. 

FIGURE 48 shows a nucleotide sequence and precicted ammo acid sequence of the ovine FSH 
alpha-subunit precursor hormone cONA clone 3.2. 

FIGURE 2 is an SOS-PAGE analysis of immunoprecipitated 3S S (Cysteine) metabdicaiiy labelled 
rFSH (recombinant FSH) expressed in COS cells. 

EXAMPLE 1 



Preparation of the ovine FSH alpha and beta subunit cDNA clones 

FSH comprises a minor fraction of ovine polypeptide anterior pituitary proteins; the alpha Cham subunit 
is significantly more abundant than the beta chain subunit, as it is a common subunit in luteinizing hormone 
(LH) and thyroid stimulating hormone (TSH). The strategy for obtaining cONA clones for both alpha and 
beta subunits was to use the entire mRNA population as a template for cDNA synthesis, and to select from 
20 the population, using specific oligonucleotides, clones encoding the alpha and beta chain FSH subunits. 

In summary this involved: 

(1) Isolation of total cellular RNA from ovine pituitary using a guanidine thiocyanate based method 
and the further purification of poly A* messenger RNA on oligo (dT) cellulose. ; 

(2) Synthesis of cDNA using a two-step protocol utilising 
25 (i) reverse transcriptase, and 

(ii) RNase H/DNA polymerase I. 

(3) Cloning into EcoR1 -restricted lambda gt10 using synthetic linkers, followed by "in vitro" pack- 
aging of the DNA and infection of E.coli NM514. 



. Isolation of Pituitary RNA 

Frozen (-70°C) ovine lamb pituitary glands were homogenised using a Polytron homogeniser m 5M 
guanidine thiocyanate, 1% sarkosyl, 20 mM EDTA. 1% (v/v) 2-mercaptoethanol. 50 mM Tris-HCI. pH 7 8 (i 
gram) pituitary/10 mis guanidine thiocyanate solution). Homogenates (10 ml) were layered over 4 ml of 
5.7M CsCI containing 0.1 M EDTA, pH 7.0. in a Beckman SW28.1 centrifuge tube, and centrifuged at 
22 000 rpm for 20 hr at 20°C. The supernatant was carefully aspirated with a Pasteur pipette, and the RNA 
pellet dissolved in 0.5 ml of RNase-free, sterile H 2 0. Samples were extracted twice with phenol-chloroform, 
twice with chloroform and RNA precipitated at -20°C by the addition of 0.1 volume of 3M sodium acetate. 
pH-5.2 and 2.5 volumes of ethanol (adapted from Chirgwin et al.. Biochemistry U3: 5294. 1979). 



Selection of Poly(A) + RNA 

45 Messenger RNA, or more precisely polyadenylated RNA. can be isolated from a mixture of RNA 
species by chromatography on oligo (dt) (dT-cellulose). Oligo-(dT) (dT-cellulose). Type 7. was purchased 
from Pharmacia. The resin was equilibrated in sterile loading buffer (20 mM Tris-HC! (pH 7.6). 0.5M NaCi. 
ImM EDTA. 0.1% SDS) and a 1.0 ml column poured. The column was washed three times with each of a) 
sterile H 2 0 b) 0.1 M NaOH'SmM EDTA and c) sterile H 2 0 (or until the column effluent pH was less than 8). 

so Five volumes of sterile loading buffer were then passed through the column. The RNA was prepared by 
suspension in sterile H 2 0 and heat-treated at 65'C for 5 minutes. An equal volume of 2 x loading buffer was 
added to the RNA sample, and then allowed to cool to room temperature before application to the column. 
Column flow-through was collected, heated to 65'C for 5 minutes, cooled and reapplied to the column. Tne 
column was then washed with 5-10 column volumes of loading buffer, followed by 4* column volumes of 

55 20mM Tris-HC! (pH 7.6) 0.1 M NaCI. ImM EDTA. 0.1% SDS. The polyadenylated RNA was eluted with 2-3 
column-volumes of sterile lOmM Tris-HCI (pH 7.5), ImM EDTA. 0.05% SDS and precip.tated with 3M 
sodium acetate and ethanol. The pellet was resuspended in sterile H 2 0 and stored at -70°C. Elution of 
polyadenylated RNA was followed by reading the optical density at 260 nm. 
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Synthesis of Complementary DNA (cONA) 

Poly A" messenger RNA was converted into tiouble-strancec cONA using the modifications cescribed 
by Gubler. U. Nucleic Acid Research i_6:2726 (1988) and inserted into me oactenopnage vector lambca 
gtlO according to the protocols outlined in "Basic Methods in Molecular Biology" -L.G. Oavis et. al. Sriefly 
this involved oligo dT-primed synthesis of the first cDNA strand from the mRNA template using reverse 
transcriotase (RNA-deoendent DNA polymerase), removal of the RNA template by RNase H. synthesis of 
the second strand with E.coli ONA polymerase l and the subsecuent blunt-encmg of tne cDNA using >4 
ONA polymerase. 

Synthesis of First and Second Strands 

1-2 ug of DolyA* RNA was heated to 65°C for three minutes, then cooled on ice. First strand cONA was 
synthesized in a final volume of 20 ul of 50mM Tris-HCI. pH 3.3. lOmM MgCI 2 . 10 mM OTT 100 mM NaCI. 
4 mM Na Pyrophosphate. 1 mM dNTP's (dATP, dQTP. dCTP. dTTP). 100 ugml oligo dT- 2 - 3 . 1-2 ug 
oolyA'RNA and 20 U/ug RNA AMV reverse transcriptase at 42°C for 40 minutes. The reaction w as cooled 
on ice. 50 ul of 2 x second strand buffer (40 mM Tris-HCI. pH 7.5. 10 mM MgCI,, 20 mM (NH t ) 2 SOi. 200 
mM KCI, 100 ug/ml BSA) containing 4.6 u of RNase H and 1 15 u DNA polymerase I and 10 ul of H,0 were 
then added to give a final volume of 100 ul. The reaction was incubated at 12°C for 60 minutes at 22 G 
The reaction was terminated by heating at 70°C for 10 minutes. After cooling on ice, T4 DNA polymerase 
was added (2 u) and the contents incubated at 37°C for 10 minutes. EDTA was added to a final 
concentration of 20 mM; the double stranded cDNA was then phenol-chloroform extracted hwce. and 
precipitated twice with sodium acetate and ethanol. Quantitative analysis of the efficiency of first and 
second strand cDNA synthesis was monitored by the incorporation of »P-dATP into ac.d-preciprtab^ 
material within each of the respective reactions (i.e. measuring the conversion or free nucleotide into acid- 
precipitable DNA). Qualitative analysis of first and second strand reaction products was performed by 
analysing aliquots of the respective reactions on denaturing alkaline agarose gels. 
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Cloning Double Stranded cDNA 

The pituitary cDNA is ligated to blunt ended EcoR1 synthetic DNA linkers, subsequently cut with the 
enzyme EcoR1 to create EccR1 cohesive end termini, and finally purified by column chromatography prior 
as to being ligated to gtlO DNA. 

The reactions are performed as follows: 

(!) 200 ng of eLo.-precipitated cDNA is pelleted by centrifugation at 13.000 g , n an Eppa.dorf 
centrifuge. The cDNA pellet is washed with cold 70% ethanol. *r dried^and re uspe ^ '^Jj?. 
H,0. Synthetic EcoR1 linkers (8-mer phosphorylated, purchased from New Engl nd B'olab ) . resuspan 
ded in 1 0mM Tris-HCI, pH 8.0 1 mM EDTA at a concentration of 500 ug/ml and 2 ul adde IK the . cDNA. 2 
ul of 10x ligase buffer (300 mM Tris-HCI. pH 7.4. 100 mM MgCI,, 100 mM DTT, lOmM ATP) and 2 u lot T4 
DNA liga - - added'and the reaction allowed to proceed overnight at 1 1W. The gase is inactive ed ^by 
heating at 70°C for 10 minutes; then 10 u. EcoRl enzyme buffer (10 x; 700 

NaCI 50 mM MgCb. H,0). water and 100 u of EcoR1 are added to a final volume of 100 ul. The reac .on is 
a. owed to proceed at 37-C for 4 hours. The reaction mixture is then heat inactivated by incubating at 0 C 
tor 10 minutes. cDNA is separated from free linkers by size exclusion chromatography on , . 2 ml column 
containing Sepharose CL-4B (Pharmacia) equilibrated in STE (100 mM NaCI. 10 mM Tris-HC. 1 mM EDTA. 
nH Ts FrSons containing cDNA are collected, pooled and salt-ethanol precipitated overn.ght at -20 C. 
Tne cDnIT; T^eted entri°gation. washed in cold 70% ethanol. air dried and .suspended in distilled 

50 HZ °' (ii> 20 na of cDNA is ligated to 1 ug of EcoR1 digested, dephosphorylated gtlO *ms (Amersham) in 
a fina. t 1 me 9 of 0 u, of ga ion buffer (30 mM Tris-HC, pH 7.4. 10 mM DTT, 10 mM MgOj.^M ATP) 
LSnCJu of T4 DNA ngase. This is then packaged into bacteriophage viral particles using .n vrtro 
S! reacts, obtained from Promega Biotec Pty. Ltd.. according to 

55 A single bacterial colony of the E.coli strain NM514 ,s mnoculated into lOml of L .taato i ( * yeast 
extract. 1 1 tryptone. 0.5% NaCI, P H 7.5) supplemented with o.4% maltose, and grown ove rught a 37 C. 
500 ul of this culture is then added to 50 ml of L broth plus 0S%m*om. and cu tured 37 C ^ 
O0 6 oo of 0.5 is reached. Tne culture is then centrifuged at 2.000 g for 10 mmutes, the supernata 
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discarded, and the bacterial pellet resuspended in 12.5 ml of cold lOmM MgSOi. Al.quots of packaged. 
cDNA-contaimng bacteriophage panicles are aoscrbed to 100 ul suspensions of NM5U cells by .negation 
at room temperature for 20 minutes. Three ml oi molten agarose (0.7% in L broth: eou.librated to 47*0 is 
added to each suspension, mixed and poured onto 92 mm petri dishes containing 1.5% agar m L fcrcin 
Plates are then.Jncubated for 8 - 10 hours after which zones (plaques) of recombinant' lambda gtiO 
bacteriophages can be seen growing against a background bacterial lawn of NM5U cells. 

Recombinant bacteriophages containing cONA copies encoding for bctn alpha and beta FSH subumts 
were identified by hybridisation to "p.radioiadelled oligo nucleotides. Briefly, nitrocellulose fitters were 
overlaid onto bacterial lawns containing recombinant bacteriophages: the filters were removed and adher.ng 
phage particles lysed under alkaline cenditions to release DNA, which was subseouently fixed to the filter, 
after neutralisation, by uv irradiation (cross-linking) for 2-3 minutes. Filters were incubated for 16 hours at 
40°C with an aqueous solution containing "P-radiolabelled oligonucleotides. They were then washed m 2 x 
SSC 0.1% SDS. dried and exposed to autoradiographic film. Positive coion.es were identified, plaque 
purified and DNA isolated from bacteriophage suspensions. Phage DNA were digested with EcoRi. and 
cDNA inserts isolated by electrophoresis on low-melting temperature agarose gels, followed by phenol- 
extraction and ethanol salt precipitation. Purified .nserts were subcloned into the anpicillin-resistant piasmid 
vector oUC18. 



20 DNA Sequence of alpha and beta FSH cONA Clones 

Two cDNA clones 3.2 and 6.14 were chosen for further analysis. Sequence analysis was performed 
using the Sanger dideoxy sequencing method, as adapted for sequencing double stranded ONA inserts 
cloned into the pUC series of piasmid vectors (USB Comments 14 (4): 18-20. 1988). MWVi L 

2S Results are presented in Figure 1. cDNA clone 6.14 encodes a full length copy of mRNA encodng 
ovine FSH-beta subunit polypeptide, and includes 5 and 3 non-coding sequences. Clones cod.ng for the 
beta-subunitof ovine FSH were selected from an ovine lamb pituitary lambda-gtiO cDNA library us.ng two 
synthetic oligonucleotide probes. Both probes were synthesised on the basis of P"J*«d am.no < c.d 
Sequence for the FSH beta-subunit (Sairam. M.R., Seidah. N.G. and Chretien. M. (1981». The complete 

30 DNA sequence for the ovine FSH-beta clone 6.14. determined by dideoxy sequence analysis (Sanger F 
Nicklen S. and Couison. A.R. (1977)) and exonuclease III digestion (Henikoft S. (1984)). is presented .n 

F ' 9U Th» clone is 1599 base pairs in length and includes the entire coding region for a 129 amino acid FSH 
beta-subunit prehcrmone. The signal peptide is 19 amino acids in length. When the P'"*^ amino acid 

35 sequence is compared with that previously established by amino acid sequencing s »^-^" ^ 
N Q. and Chretien M. (1981)). two conservative substitutions and a single C-termma. amino acid I excu.sion 
were noted. The predicted amino acid sequence was confirmed by DNA sequencing of *° 
cDNA clones. Comparison of the ovine nucleotide coding region sequence with the corresponding bev re 
equence (Maurer. R.A. and Beck. A. (1986)) gives an overall homology of 95%. Compar.son of the en, e 

. 0 ovine beta-FSH cDNA clone 6.14. which includes a 149 bp 3 non-cod.ng region .nclus.on not seen .n tne 
bovine clone, gives an overall homology of 85%. - rt -~ nn 
Similarly the cDNA clone 3.2 (Figure IB) encodes the full polypeptide cod.ng reg.on of the common 
alpha-subunit of FSH, including S and 3 non coding regions. 
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EXAMPLE 2 



so 



Ovine FSH has a.pha and beta subunit peptides of 96 and no ammo aads respe .ve.y _0 v,™ cDNA 
clones encoding the alpha and beta subunit peptides have been isolated from an ov.ne lamb pituitary cONA 
S ' (SS . et al. 1989. Mountford et al. 1989) using oligonucleotide probes synthes.sed on the bas.s of 
the published amino acid sequences (Sairam 1983. Sairam et al. 1981). 



5S Construction of the Fill Eukaryotic Expression Vector 

Expression vector constructs were designed as follows. The final vector designated Fill contains the 841 
base pair human metallothionein iMhMTIU) promoter and an upstream SV40 enhancer element. 
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Briefly, the hMTII 4 promoter HinelllBamHl 341 fcp fragment was directionally cloned into 
Hindlll/BamHl digested pSP72 (Promega Corporation) to procuce the Fl vector. Fl was digested with 
Hindlll/Pvull and deohosohorylated. and the 840 bp Hinclll-EcoRV SV40 enhancer reg.cn was then cloned 
into this site to produce the vector designated Fll. An SV40 derived BamHl fragment containing the small t 
intron and polyadenylation signal was then ligated into the unique Sglll of the Fll vectof to produce tne 
vector designated Fill. The SV40 enhancer fragment contains the SV40 origin of replication thereby making 
the vector suitable for transient COS cell expression studies (Gluzman. 1981) as well as constitutive 
expression in other cell lines such as Chinese hamster ovary cells (CHO) (Friedman et al 1989). 

Construction of Fill Alpha and Beta FSH Subunit Expression Vector Constructs 

Full length and truncated or short length cONA inserts for alpha and beta FSH subunit coding regions 

were cloned into Fill. . 

The truncated dFSH clone no longer contains the five ATTTA repeats found distnouted througnout k he 
3 non-coding region of the full length clone. This is significant in that these repeats have previously been 
associated with destabilization of mRNA transcripts (Shaw et al. 1986). This vector was designated FlllflSL 
Truncation of the alpha cDNA clone removed a 5' polyT cloning artifact and hence 3 non-coding region 
sequence from the alpha FSH cONA clone. This vector was designated FlllaSL. 

Two additional truncated /3FSH subunit mutants were constructed in an attempt to increase the 
translatability of the a chain mRNA. Sequence analysis of the /3FSH cDNA showed that the transection 
initiation codon flanking regions contained what have been reported to be su °°P tional s°? uenc K V™Tl 
ments for translation initiation (Kozak. 1986). In vitro mutagenesis experiments (Kozak, 1986) estabhsneo tne 
optimised translation initiation DNA sequenceTTs ACCATGG and GCCATGG. These sequences .were 
incorporated into the truncated flFSH subunit cDNA clones using oligonucleotide mediated in-vrw 
mutagenesis as previously described (Amersham publication code RPN 1523). „„ ntaininn 

The vector containing the sequence ACCATGG was designated FIII^SL(M2) and the other contam.ng 

GCCATGG was designated FIII/3SL(M12). . », a „ e i a » 9 Kiiitu r,f 

An ovine growth hormone//3FSH hybrid DNA was constructed in an attempt to increase translatability or 
the 0 chain mRNA. The 5 non-coding region and signal peptide of the 9 subunit was replaced by he 
equivalent region from the ovine growth hormone and inserted into Fill for express-on under direction of the 
metallothionein promoter. The details of construction are as follows. 



35 Isolation of the ovine growth hormone leader sequence 

An 860 bp ovine growth hormone fragment was isolated from P UCl8/oGH by digestion^ with I Pvull The 
fragment contains theV non-coding region and the signal peptides of oGH (ovine 
with a further 560 bp of the oGH. The fragment was dephosphorylated prior to agarose gel electrophoresis 

40 isolation and purification by known methods. riinested with 

Following digestion with Ahall the fragment was filled ,n with Klenow and then furthe ^este d ^ with 
EcoR1 to generate a 120 bp fragment containing primarily the 5 non-cod.ng and s.gnal peptide coding 
^^ T^^toanert was then available for ligation into the /SFSH containing vector. The remaming 
X^lEX S -quences ^phosphory.ated to prevent ligation 

45 into the 0-FSH containing vector. 
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Construction of the flFSH mature peptide coding sequence and vector 

PUC18 was digested with Pst1, blunt ended with T4 (DNA polymerase) and 
truncated *FSH SL Pvu.l fragment (453 bp) which lacks 120 bp of 3 non-cod -o ^ion and Tbp of 5 non 
coding region sequence, was ligated into the blunt ended Ml site of pUCiS ThejFSH foment 
^nJninn on* Pati site was digested with the same enzyme Pali and blunt ended with T4 dna 

with EcoRi at a site further uostream from the Pstl site thereby liberating pUC18 sequences and creai. g 
forlXnligation of the oGH fragment isolated from P UC1*oGH as ^previous* dajenb- 
The resulting vector contains the 5 non-coding sequences and s.gna. peptde of >™J g *°° G „ 
truncated 0SL in pUCiS. The resulting sequence acquires an addit.onal glyeme at the interlace of P 
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leader sequence and the /3SL mature peptide coding sequence. 



Construction of the Fill £SL (T4) ^ 

The pUCl3 containing oGH (leader)^SL hybrid ONA as previously described was digested witn 
EcoRI.'Hindll! and inserted into pSP72. From this vector an EcoRi/Pvulll fragment is obtained following 
digestion, then insertion of this fragment into an EcoRUEcoRV site in FIN results in the final vector. Fill 3SL 
(T4). 



COS Cell Transient Expression 



COS cells were transfected with either 
r 5 (i) Fill vector alone. 

(ii) Fill aSL 

(iii) Fill £SL 

(iv) Fill aSL + Fill BSL 

(v) Fill aSL + Fill 0SUM2) 

20 ° r (vi) Fill aSL + Fill 0SUT4). via Lipofectin mediated DNA transfection (Felg~.sr et al.. 1987) and 
expanded for 48 hours prior to overnight metabolic labelling with 35 S cysteine. 

Cell lysates and supernatants for each transfection were immu no-precipitated with a mixture of anti- 
ovine FSH monoclonal antibodies and anti-ovine FSH polyclonal antisera and analysed by SOS-PAGE (See 

25 F,gU AutoradiograDhs of the gel show increases in molecular weight between tysates (Lys) and supernatants 
(S/N) for both aloha and beta subunits as a result of glycosylation. Some non-dissociated or reassoaated 
heterodimer is evident in the lysates and supernatant of the Fill aSLFIII J 3SL{T4) transfected cells. Subun.ts 
were dissociated prior to loading of samples by boiling in non-reducing buffer. 
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CHO Cell Transfection for Constitutive Expression of Recombinant FSH 



35 Transfection 1 

Six different vector combinations were transfected by Lipofectin mediated DNA transfection into CHO 

cells. These were 

(i) Fill vector alone. 
40 (ii) Fill aFL + Fill 0FL + pMC1 neoPolyA 

(iii) Fill aFL + Fill jSSL + pMCl neoPolyA 

(iv) Fill aSL + Fill 0SL + pMCl neoPolyA 

(v) Fill aFL + pMC1 neoPolyA 

or 

45 (vi) Fill 0SL + pMC1 neoPolyA. 

The v-rtor pMCl neoPolyA was included to confer drug resistance to G418 as a selectable marker for 
transfected cell lines. The pMC1 neoPolyA vector contains an active neomycin resistance gene which 
confers resistance to G418. Colonies of resistant cells were visible 10 days after transfection in al except 
the negative control transfection containing no pMCl neoPolyA vector. Colonies were released from the 
•sue culture dishes, replated and left to grow until confluent. Half *" ch ^ 
while the remaining cells were expanded, grown to confluence and .nduced with 75mM ZnSO*. Three days 
Ttl sucernatarts were collected and assayed by radio receptor assay (RRA) (Maghuin-Rogister 1978). 
SE ISv ^ heterodimer. individual subun.ts having less than t% react.**. 

when neat supernatants were assayed. This was most probably due 
55 foThe 10% foeta! calf serum supplement in the growth media. RRA results (see Table 3 > show a * ee 
alpha/beta transfections resulted in production of rFSH with receptor bind.ng acbvfly «"*^ w6 ^ 
fransfections were negative for recombinant FSH in this assay. The comb.nat.on of both truncated cONA 
subunit constructs showed the highest rate of secretion. 
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TABLE 3 



Radio-receptor assay results for transfected CHO cell pool 
supernatants for Transfection 1. 


Standard/Sample 




Counts 

Ronnri 

DUUI IU 


Est. ng/ml rFSH in Tissue 
Culture Supernatant 


1000 ng;ml Standard 
200 ng/ml Standard 
40 ng/ml Standard 
8 ng/ml Standard 
1 .6 ng/ml Standard 
"0" Standard 




958 
1204 
2061 
3937 
5953 
6465 




Fill aFL + Fill £FL 


(Neat) 
(1:3.5) 


4446 
5669 


>4.2 


Fill aFL + Fill SSL 


(Neat) 
(1:3.5) 


4500 
5800 


>4.2 


Fill aSL + Fill 0SL 


(Neat) 
(1:3.5) 


3290 
5000 


>9.0 


Fill aFL 


(Neat) 
(1:3.5) 


5494 
6358 


<1.0 


Fill 0SL 


(Neat) 
(1:3.5) 


5637 
6442 


<1.0 


( ) = Tissue Culture supernatant sample dilution factors for 
radioreceptor assay. 



Transfection 2 

35 Ten different vector combinations were transfected by Lipofectfn mediated ONA transfection into CHO 
cells and expanded for RRA as for Transfection 1 above. 
These were 
(i) Fill vector alone 
40 (ii) Fill aFL + Fill jSSL + pMCI neoPolyA 

(iii) Fill aSL + Fill £FL = pMCI neoPolyA 

(iv) Fill aSL + Fill £SL + pMCI neoPoly 

(v) Fill aSL + Fill /3SL(M2) + pMCI neoPolyA 

(vi) Fill aSL + Fill 0SL(M12) + pMCI neoPolyA 
45 (vii) Fill aSL + Fill j3SL(T4) + pMCI neoPolyA 

(viii) Fill aSL + pMCI neoPolyA 

(ix) Fill &SI + pMCI neoPolyA 

(x) Human aFSH construct + human 0FSH + pMCI neoPolyA. 
Results for each vector combination transfection pool are given in Table 4. 

50 
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TABLE 4 

Radio-receptor assay results Cor 
supernatant* for transfection 2. 



transfected CHO cell pool 



Standard/Sample 



1000 ng/ml Standard 
200 ng/ml Standard 
40 ng/ml Standard 
a ng/ml Standard 
1.6 ng/ml standard 
0,3 ng/ml Standard 
■0" Standard 



30 



Fill *FL + Fill QSL 
♦ pMCl neoPolyA 

Fill clSL + Fill QFL 
+ pMCl neoPolyA 



(1:3) 
(1:6) 



(1:3) 
(1:6) 



Counts 
Bound 



1411 
1590 
1989 
3219 
5860 
7959 
9107 



6619 
9144 



7700 
8282 



Est. ng/ml tFSH 
in Tissue Culture 
Supernatant 



<1 ng/fil 



<1 ng/nl 
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TABLE 5 



J5 



RRA results for the 2 highest rFSH secreting clones isolated from each of 3 
different vector combination transfections of Transfection 2. 


Standard/Sample 




Counts 
Bound 


Est. ng ml rFSH m Tissue 
Culture Supernatant 


1000 ng.-ml Standard 
200 ng<ml Standard 
40 ng/ml Standard 
8 ng/ml Standard 
1.6 ng,ml Standard 
"0" Standard 




1703 
2060 
2515 
2924 
3036 
2992 




Fill aSL + Fill ;5SL 
+■ pMCI neoPoIyA 


Clone 1 
Cione 9 


(1:4) 2687 
(1:4) 2435 


> 1 28 ng ml 
>640 ng/ml 


Fill aSL + Fill jSSL 
(M2) + pMCI 
neoPolyA 


Clone 4 
Clone 30 


(1:4) 2664 
(1:4) 2553 


>1 28 ng. ml 
> 1 28 ng ml 


Fill aSL + Fill 0SL 
(T4) + pMCI 
neoPolyA 


Clone 14 
Clone 30 


(1:4)2148 
(1:4) 2282 


>640 ng- ml 
>640 ng/ml 


( ) = Tissue Culture supernatant sample dilution factors for radioreceptor 
assay. 



Summary . 

Recombinant FSH subunit peptides have been synthesised and secreted individually and as 
heterodimers in vitro as demonstrated by immunoprecipitation of metabolically labelled peptides of correct 
molecular weightTand by inhibition of iodinated FSH receptor binding in testis homogenate rad.o receptor 
assays. 
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Table 4 continued 



10 



15 



20 



25 



35 



40 



45 



50 



Standard/Sanjple 



Counts 
Bound 



fiii aSL ♦ f(iii osl 

pMCl necjPolyA 



(i:3> 
(1:6) 



7300 
8213 



Est. ng/ml tFSH 
in Tissue Culture 
Supernatant 

*2 ng/ml 



Fill aSL + 
+ pMCl 



F1III QSL(M2) 
nec)PolyA 



Fill aSL ♦ 
♦ pMCl 



Fill aSL + FIII BSL(T4) 
♦ pMCl ne^PolyA 



(1:3) 
(1:6) 



7265 
8175 



Pllll 6SL(M12) 
n«qFolyA 



(1:3) 
(1:6) 



7855 
8511 



*2 ng/ml 



<2 ng/ml 



(1:3) 
(1:6) 



7124 
7958 



■2 ng/ml 



Fill aSL ♦ pMCl neoPolyA 



(1:3) 
(1:6) 



8365 
8452 



<1 ng/ml 



30 Fill OSL + i»MCl neoPolyA 



(1:3) 
(1:6) 



8583 
8831 



Human aFSH Construct + (12 3) 
human OFSh| construct (1:6) 
+ pMCl neoPolyA 



8037 
8281 



<1 ng/nil 



alng/ml 



( ) - TissJe Culture supernatant sample dilution factors for 
radioreceptor assay. 

n . ^ W3MS , «-~ c«o - s » * r: z:sz:?£ 

STATS tHH:^- 

well plates to enable the selection of c"= ne J.«" '' nes . jsolated from each of 3 different 

confluent ceil cultures. 
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translated in a prokaryotic or eukaryotic organism, 
a prokaryotic or eukaryotic organism; 

introducing said first and second recombinant piasmids into said organism by a metnoa seiectea from 
transformation, transfection, injection or electroporation: 
s culturing the resulting organism; _ 

expressing the recombinant polypeptide encoded by said DNA sequences; and optionally 
isolating said polypeptide from the culture or organism. 

15. A process according to claim 14 wherein the plasmid expression vector is a vector caoabfe of 
expressing a cDNA sequence, genomic DNA sequence or fragments thereof ana inducing a promoter 

♦0 sequence capable of modulation by trans-acting molecules. 

16. A process according to claim 15 wherein the regulatory element is a metaliothionem promoter. 

17. A process according to claim 15 wherein the plasmid expression vector further includes an 
upstream SV40 enhancer element. 

18. A process according to claim 15 wherein the plasmid expression vector further includes an SV4fj 
;s derived BamH1 fragment containing the small (t) intron and polyadenylation signal. 

19. A process according to claim 18 wherein the plasmid expression vector is the vector Fill, as 
hereinbefore described. 

20. A process according to claim 14 wherein the first recombinant plasmid includes a cDNA sequence 
including a 717 bp EcoR1 • EcoR1 fragment including the coding region for the alpha subunit of ovine 

20 follicle stimulating hormone and wherein the plasmid is FlllaFL or a derivative or variant thereof as 
hereinbofore described. 

21 . A process according to claim 20 wherein the cDNA sequence is reduced in length and wherein the 
plasmid is plasmid FlIlaSL, or a derivative or variant thereof, as hereinbefore described. 

22. A process according to claim 14 wherein the second recombinant plasmid includes a cDN.A 
25 sequence including a 1589 bp EcoRi-EcoRl fragment including the coding region for the beta subunit of 

ovine follicle stimulating hormone and wherein the plasmid is plasmid FIM0FL or a derivative or variant 
thereof as hereinbefore described. 

23. A process according to claim 22 wherein the cDNA sequence is reduced in length and wherein the 
second recombinant plasmid is plasmid Fill /SSL or a derivative or variant thereof as hereinbefore described. 

30 24. A process according to claim 23 wherein the cDNA sequence is further modified to increase the 
translatability of the corresponding messenger RNA (mRNA). 

25. A process according to claim 23 wherein the cDNA is further modified including incorporating into 
the signal peptide region of the cDNA sequence an optimized translation initiation DNA sequence. 

26. A process according to claim 34 wherein the second recombinant plasmid is plasmid FIII3SUM2) or 
35 a derivative or variant thereof as hereinbefore described. 

27. A process according to claim 34 wherein the second recombinant plasmid is plasmid FIII0SI{M12) 
or a derivative or variant thereof as hereinbefore described. 

28. A process according to claim 23 wherein the cDNA sequence is modified by replacing the 5 non- 
coding region and signal peptide coding region of teh beta subunit of ovine follicle stimulating hormone with 

40 the equivalent region of ovine growth hormone cDNA. 

29. A process according to claim 28 wherein the second recombinant plasmid is plasmid Flll£Sl(T4) as 
hereinbefore described. 

30. A process according to claim 14 wherein the unicellular organism is a strain of E_ coii. E_ coh 
NM 514. 

45 31. A process according to claim 14 wherein the eukaryotic organism is a transgenic animal. 

32. A plasmid including 
a plasmid expression vector; 

a first DNA sequence encoding a desired protein; and 

a second non-related DNA sequence including a translation initiation and optionally transcription initiation 
so region; 

a 5' non-coding region; and 

a signal peptide coding region: the second DNA sequence being positioned upstream of said first DNA 
sequence. 

33. A plasmid according to claim 32 wherein the second DNA sequence is derived from a dna 
55 sequence encoding a signal peptide. 

34. A plasmid according to claim 33 wherein the peptide is a growth hormone signal peptide, preferably 
an ovine growth hormone signal peptide. 

35. A plasmid according to claim 32 wherein the first DNA sequence is a seauence encoding for a 
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Claims 

1. A process for the preparation of a molecular clone which process includes 
providing . 
5 a complementary ONA (cDNA) sequence, genomic DNA sequence or fragment thereof cooing for the alpha 
and/or beta sub-unit of ovine follicle stimulating hormone; and 

a suitable cloning vector; . 
ligating the ONA sequence and cloning vector to insert the ONA sequence into the cloning vector to rorm a 

molecular clone. . 
,o 2 A process according to claim 1 wherein the complementary DNA sequence, genomic ONA sequence 
or fragments thereof includes a complete or partial copy of the alpha and/or beta subunit ofpvine follicle 
stimulating hormone coding regions encompassing the mature hormone, extending past the 3 termination 

codon. , 

3. A process according to claim 2 wherein the cloning vector is a bacteriophage vector. 
is 4. A process according to claim 3 wherein the bacteriophage vector is lambda gt 10. 
5. A process according to claim 3 including the preliminary step of 

providing a source of ovine lamb pituitary gland; 

isolating polyadenylated messenger RNA (mRNA) therefrom; 

treating the mRNA with reverse transcriptase in the presence of oligodT primer to synthesize first strand 
20 complementary DNA (cDNA); „ MA 

enzymatically removing the mRNA with RNase H. and subsequently synthesismg the second cDNA strand 

with DNA polymerase I; and 

treating the double stranded complementary DNA (cDNA) so formed with T4 DNA polymerase to cpate 
flush (blunt) ended molecules. 
25 6. A process according to claim 2 including the preliminary step of 
providing a source of ovine DNA isolated from sheep genome; and 
enzymatically cleaving the genomic ONA with a suitable enzyme. 

7. A process according to claim 5 or 6 further including; 
providing a source of virus particles; and 

30 a bacterial carrier strain 

packaging the DNA sequences into the virus particles "in vitro": 

infecting the bacterial carrier strain with the virus particles to form a DNA library; and 

selecting recombining clones containing DNA sequences coding for the a and/or fi sub-unit of ovine FSH. 

8. A bacteriophage clone selected from the clones 3.2 and 6.1 4 as hereinbefore described. 

9. A p.asmid expression vector including a cDNA sequence, genomic ONA " ^J™"'! 
thereof coding for the alpha-subunit ovine FSH and capable of being replicated, transcribed and translated 

Tl^rC^^'as d*« in Claim S seiected from Fill aFL and Fill .SL as " 

vector jncluding a cDNA seance, genomic DNA sequence 0 M ^ments 
thereof coding for the beta-subunit of ovine FSH and capable of being replicated, transcribed and translated 

in a prokaryotic or eukaryotic organism. aSL<M2) 
12. A plasmid expression vector as claimed in claim 11 selected from Fill JR.. Fill fiSL Fill *SL(MZ). 
Fill <3SL(M12) and Fill 0Sl(T4) as hereinbefore described. 

aTecTd cONA S «,»e«ee. 9 e«omic DNA .nunc o, M cocng fo. o. 

°Tfht^ S rf hr;nn roniiratPd transcribed and translated in a prokaryotic or eukaryotic organism. 
50 " P i'* i : p^; for CSSSS . recombinant polypeptide having ovine FSH activity which process 
includes the steps of 

Hrfrlombinant plasmid including a p.asmid expression vector including a <^j£^ 
sequence coding for the alpha sub-unit ovine FSH and capable of be.ng replicated, transcribed 

translated in a prokaryotic or eukaryotic organism. „ loma ntarv DNA 

a second recombinant plasmid including a plasmid expression vector including ccmplementar ' DNA 
JcDTSJiS oli^lbr the beta sub-unit ovine FSH and capable of being replicated, transcribed and 
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follicle stimulating hormone; or a fragment thereof, preferably ovine follicle stimulating 

36 A veterinary composition inducing recombinant polypeptide having ov.ne growth normone activ.ty 
as hereinbefore described and the veterinary acceptable salts thereof together w.th cr.e or more earners 

^nSSTSS or increasing option in female animals which method ind ™n^ 
i„ g to the animal an effective amount of a ovine synthetic FSH. or derivative thereof, as here.noefore 

deS 38 be A method of increasng the number of ova produced during ovulation in torn* , animals which 
method includes administering to the animal a synthetic ovine follicle stimulating hormone JFSH) as 
Terei before described wherein the animal is a bovine animal the hormone • • •^•^ ' 
of from approximately 20 to 60 U in at least three substantially equal doses at at least three regular mtervals 
durina a oeriod of 1 day. dependant upon the size of the animal; and 

!hen the animal is an ovine or caprine anima. the hormone is administered in an amount of from 

approximately 20 to 40 U in a single dose. e „„. ho , i( . 0 u in a FSH is 

39. A method according to claim 38 wherein the animal is a sheep or goat and synthetic ov.ne FSH .s 

administered in amount of approximately 20 to 30 U in a single dose. administered in 

40. A method according to claim 38 wherein the animal is bov.ne and ovine FSH js adm.n.st ered 
three substantially equal amounts totalling approximately 0.06 to 0.24 U/Kg live weight ,n a S e day 

41. A method according to claim 40 wherein the total dose rate .s approximately 0.09 to 0.15 U/kg live 

Weig 4 h 2.A a meS according to claim 38 further including the preliminary step of administenng to the an£a. 
approximately 250 ug to approximately 100 mg of a synchronising agent approximately 8 to 15 days pnor 

10 T?:i^SZ^ZLr induding the step o, administering to *- 
of approximately 250 ug to approximately .000 ug of a prostaglandin or prostaglandin approximately 1 to 3 

^TlZZZ^t^^t^ the step of administering to the animal 
aoprtx'imateTy ?So I S TtOOO I.U. of gonadotropin of pregnant mare serum gonadotropin and is 

- -r/r £-.sr /sr-" ^r^rxrzs xsr. 

suitable container; and 

a supply of a gonadotroph* or derivative thereof in a suitable container. 
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